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GEOTECHNICAL INVESTIGATION
PROPOSED BRIDGE RECONSTRUCTION
CR 461 AT SABANA RIVER DRAW
COMANCHE COUNTY - BROWNWOOD TXDOT DISTRICT
CSJ NUMBER: 0923-17-091

1.0 INTRODUCTION
1.1 PROJECT DESCRIPTION

The project consists of replacing a short on-system bridge within the Brownwood TxDOT
District. The proposed bridge to be replaced consists of the CR 461 Bridge at Sabana River
Draw in Comanche County, Texas. This existing bridge is located about 1,400 linear feet east
of the intersection of CR 461 and CR 679. The existing bridge is a 2-lane bridge that is about
40 feet in length. The creek bottom is about 7 to 8 feet below the bottom of the existing bridge.

1.2 PURPOSE AND SCOPE

The purposes of this geotechnical investigation were to; 1) explore the subsurface conditions
at the site; 2) evaluate the pertinent engineering properties of the subsurface materials; and
3) provide recommendations for bridge foundations. The work was performed in general
accordance with Work Authorization No. 1 of TxDOT Contract No. 36-OIDP5068.

2.0 FIELD INVESTIGATION

As requested, the field investigation consisted of drilling two (2) bridge borings. One test
boring (Boring B-1) was drilled on the west side of the existing bridge and one test boring
(Boring B-2) was drilled on the east side of the existing bridge. The test borings were
advanced to depths ranging from 40 to 45 feet below the existing ground surface. A truck-
mounted drill rig was used to advance these borings and to obtain samples for laboratory
evaluation. The borings were located at the approximate locations shown on the Plan of
Borings in Appendix A to this report. The stations, offsets and elevations on the WinCORE
logs were provided by client’s surveyor.

Undisturbed samples of cohesive soils were obtained at intermittent intervals with standard,
thin-walled, seamless tube samplers. These samples were extruded in the field, logged,
sealed, and packaged to protect them from disturbance and maintain their in-situ moisture
content during transportation to our laboratory.

The relative densities of the overburden soils encountered in the borings were evaluated by
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the Standard Penetration Test (SPT) in conjunction with split spoon sampling. The SPT involves
driving a standard 2-inch diameter sampler a total of 18 inches or until 50 blows for 6 inches
or less occurs. The blow counts and driving distances for each 6 inch or 50 blow increment
are recorded. The first 6-inch drive is for seating purposes. The results of the SPTs are
recorded at the respective testing depths on the WinCore Logs in Appendix B to this report.

The soil and rock formations encountered in the test borings were evaluated by performing
the Texas Department of Transportation Penetration (TxDOT Cone) tests on 5-foot intervals.
The TxDOT Cone tests were performed in accordance with TEX-132-E. The TxDOT Cone is
driven with the resulting penetration in inches recorded for 100 blows in dense soils and the
number of blows per 12 inches of penetration in softer soils. The results of the TxDOT Cone
tests are recorded at the respective testing depths on the WinCore Logs in Appendix B to this
report.

3.0 LABORATORY TESTING

Laboratory tests were performed on representative samples of the soil to aid in classification
of the soil materials. These tests included moisture content tests, Atterberg limits tests, minus
#200 sieve test, and unit weight determinations. The strength of the rock core samples were
evaluated by unconfined compression strength testing. The results of these tests are
presented on the WinCore Logs in Appendix B to this report.

In addition to these tests, an absorption swell test was performed on a selected clay samples
to provide additional information about the swell characteristics of these soils. The results of
the swell test are provided in Appendix C to this report. A grain size distribution test (sieve
analyses) was performed on selected sample near the existing bottom of creek grade in order
to determine the D50. The results of the grain size distribution tests are provided in Appendix
D to this report. A soluble sulfate test was performed on a selected sample in order to
determine the potential corrosion potential to pier concrete. The results of the soluble sulfate
test are provided in Appendix E.
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4.0 SITE AND SUBSURFACE CONDITIONS
4.1 GENERAL SITE CONDITIONS

The proposed bridge to be replaced consists of the CR 461 Bridge at Sabana River Draw in
Comanche County, Texas. This existing bridge is located about 1,400 linear feet east of the
intersection of CR 461 and CR 679. The existing bridge is a 2-lane bridge that is about 40 feet
in length. The creek bottom is about 7 to 8 feet below the bottom of the existing bridge. See
Appendix A for site location and aerial view.

4.2 SITE GEOLOGY

As shown on the Geologic Atlas of Texas, the site is located within the Brazos River

Formation. The Brazos River Formation consists of sandstone, conglomerate, and mudstone.

4.3 SUBSURFACE CONDITIONS

Subsurface conditions encountered in the borings, including descriptions of the various strata
and their depths and thickness, are presented on the Logs of Boring. Note that depths on the
borings refer to depths from the existing grades or ground surface present at the time of the
investigation. Boundaries between the various soil types are approximate.

44 GROUNDWATER CONDITIONS

The test borings were advanced using hollow stem auger drilling method. This drilling method
allows observation of the initial zones of seepage. Groundwater was encountered during
drilling at depths of about 8 feet below the existing ground surface.

It is not possible to accurately predict the magnitude of subsurface water fluctuations that
might occur based upon short-term observations. The subsurface water conditions are subject
to change with variations in climatic conditions and are functions of subsurface soil conditions,
rainfall, and water levels within the Sabana River Draw.
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5.0 ANALYSES AND RECOMMENDATIONS
5.1 STRAIGHT SHAFT FOUNDATION SYSTEM

The bridge structure should be supported by cased straight sided continuously reinforced
drilled shaft piers founded in the bearing stratum consisting of hard to very hard tan weathered
sandstone. The bearing stratum was first encountered at depths ranging 25 to 27 feet below
the existing ground surface at the boring locations (approximate elevations ranging from 1317
to 1318 feet).

It should be recognized that the depth to the bearing stratum near the draw will likely be deeper
due to creek erosion and weathering of the rock. Design penetrations into the bearing stratum
should not be counted on above a line extending from the anticipated bayou scour depth to
the ground surface along a 3 (H):1 (V) slope.

The allowable end bearing pressure and side resistance pressures are provided in Table 1
and have been developed based on the assumption that a minimum 2 pier diameter clear
spacing will be provided between piers. For piers touching, a 50% reduction in skin friction
should be used. Where the clear spacing is 2D, no reduction is necessary. For a spacing
between 0 and 2D, a straight line interpolation should be used.

The skin friction values provided are for compression loading and for resistance to soil swell
uplift. For other tension loads (wind uplift), the allowable skin friction is 50% of the value
indicated below.

These foundations should be subject to settlements of less than one inch. Differential
settlements should be on the order of 1/2 inch.
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TABLE 1. ALLOWABLE BEARING VALUES

BEARING STRATA

SHAFT LOADING TYPE
HARD TO VERY HARD TAN WEATHERED

SANDSTONE
Axial End Bearing 30,000 psf **
Skin Friction Side Resistance 5,000 psf *

* For penetrations into the bearing stratum exceeding 2 feet as verified by a TxDOT
inspector or qualified senior engineering technician under the direction of a Geotechnical
Engineer. The skin friction values provided are for compression loading and for resistance
to soil swell uplift. For other tension loads (wind uplift), the allowable skin friction is 50%
of the value indicated above. All pier penetrations below temporary casing may be
counted on for resistance to soil swell uplift.

**A minimum penetration of 5 feet or 1 pier diameter into the bearing stratum (whichever is
greater) is recommended to develop the allowable end bearing pressure. Larger
penetrations may be required to resist soil swell uplift and for axial loading. The design
penetrations should be counted on only for penetrations into continuous bearing stratum
below temporary casing.

Note 1: The allowable end bearing and skin friction resistance values provided in Table
1 were generally developed based upon using the design charts of Figures 5.3
and 5.4 of TxDOT’s 2020 Geotechnical Manual and using a factor of safety of 3
for both skin friction and end bearing. Reductions in the design values were
made to account for softer severely weathered layers with clay seams within the
bearing stratum that will further soften during slurry method placement.

Note 2: We recommend that a qualified Geotechnical Engineer be present at the start of
the drill pier operations in order to identify the proper bearing stratum to field
personnel.

Note 3: A minimum shaft diameter of 18 inches should be used for the straight shaft

piers. In addition, we recommend that a maximum length to diameter ratio of 30
be used for design of the drilled shafts.

Note 4: It should be noted that soft severely weathered layers with clay seams are
present within the bearing stratum. It is imperative that the piers be founded on
hard to very hard competent sandstone and not on the softer materials.
Otherwise, excess settlements could occur. Due to this risk, AGG recommends
that cores be considered to be performed below the pier bottoms after drilling to
the required depths. TxDOT Item 416 requires performing cores to minimum
depths of 5 feet or one pier diameter whichever is greater below the bottom of
one pier per each bent or abutment.
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5.1.1 DRILLED SHAFT SOIL INDUCED UPLIFT LOADS

All piers will be subject to uplift loads as a result of swelling within the overlying clays. Straight
shafts should be designed by the Structural Engineer with adequate penetration lengths in
order to have sufficient anchorage in resisting uplift forces generated by soil swelling. The
piers should have sufficient continuous vertical reinforcing steel extending to the bottom of the
piers to resist the computed net uplift loads (uplift less dead load).

The magnitude of the uplift loads varies with the shaft diameter, soil parameters, free water
sources, and the depth of the active clays acting on the shaft. The uplift pressures can be
approximated at this site by assuming a uniform uplift pressure of 2,500 pounds per square
foot acting on the shaft perimeter for a depth of 6 feet.

5.1.2 LATERAL LOAD ANALYSES

We understand that lateral loads for the proposed bridge structure are not significant. We
should be contacted to provide recommendations for resistance to lateral loads if this
becomes a design concern.

5.1.3 DRILLED SHAFT CONSTRUCTION CONSIDERATIONS

Groundwater was encountered at depths of about 8 feet below the existing ground surface
and caving granular soils were encountered above the bearing stratum. Therefore, temporary
casing is anticipated to be required for all piers. Temporary casing should be properly seated
and sealed within the bearing stratum to prevent seepage into the drilled shaft excavation.
Design penetrations should not be counted on within the cased length. Care must be taken
that a sufficient head of plastic concrete is maintained within the casing during extraction.

Note 1: Design penetrations should be counted for penetrations into hard to very hard
tan weathered sandstone below the bottom of casing. Penetrations should not
be counted within the cased portion of the shaft.

Note 2: It should be noted that drilled shaft construction at this site may experience
sloughing and caving prior to installation of casing due to the presence of water
bearing granular soils above the bearing stratum. Processing the pier hole and/or
utilizing slurry methods to keep the pier hole open prior to casing installing might
be required. After the casing has been properly sealed, the slurry should be
removed and the pier penetrations made in the dry. If seepage occurs within the
bearing stratum below the temporary casing, the slurry method placement
should be performed.
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Note 3: In lieu of using temporary casing, the slurry method could be considered as long
as this method is performed as specified in Section 5.4 of this report.

Concrete used for the shafts should have a slump of 6 to 8 inches and placed in a manner to
avoid striking the reinforcing steel and walls of the shaft during placement. Complete
installation of individual shafts should be accomplished within an 8-hour period in order to help
prevent deterioration of bearing surfaces. The drilling of individual shafts should be excavated
in a continuous operation and concrete placed as soon as practical after completion of the
drilling. No shaft should be left open for more than 8 hours.

We recommend that qualified inspector or engineering technician under the direction of a
Geotechnical Engineer be retained to observe and document the drilled pier construction. The
engineer, or his representative, should document the shaft diameter, penetration, depth,
casing installations and extractions, cleanliness, plumbness of the shaft, and the type of
bearing material. Significant deviations from the specified or anticipated conditions should be
reported to the owner's representative and to the Structural Engineer. The drilled pier
excavation should be observed to verify the bottom of the excavation is dry and thoroughly
cleaned of cuttings after completion.

Note 4: “Mushrooming” should not be allowed around piers, pier caps or grade beams.

Note 5: The aspect ratio of a drilled shaft, or its length divided by its diameter (L/D),
should not exceed 30 (“Drilled Shafts: Construction Procedures and Design
Methods” by O'Neill and Reese, 1999, pg. 11).

5.2 SOIL SWELL UPLIFT CONSIDERATIONS

The subsurface exploration revealed the presence expansive clay soils at this site. Potential
soil swell movements estimates were performed using swell test results, pocket penetrometer
readings, and moisture content tests to estimate the swell potential of the soil. Potential soil
swell movement values based upon the current moisture conditions have been estimated to
be on the order of 2 to 3 inches. Therefore, differential soil swell movements could occur
between the bridge structure and the approach slabs. Soil swell could potentially also cause
damage to the bridge structure. Over-excavation of the deeper dry expansive clay soils and
replacement with low PI select fill and/or CSAB could be performed in order to reduce the
potential soil swell movements (if desired by TxDOT).
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We understand that typical TxDOT standards do not require void spaces below pier supported
structural members. However, we recommended that minimum 8-inch void spaces be used
for any lightly loaded members (i.e. wing walls, etc.).

The potential soil swell movements at the bridge approach slabs will be dependent on the
material used and the moisture conditioning used for the embankment fills. Potential soil swell
movement values for the bridge approach slabs based upon the existing conditions are on the
order of 2 to 3 inches.

Provisions should be made for post-construction differential upward movement of the bridge
approaches. Site grading plans should include provisions for the effects of soil swell
movements and settlements on adjacent flatwork and all pavement slabs. Differential upward
movement of all ground-supported slabs should be anticipated and considered during the
design of the grading plan including the bridge approach slabs.

In addition, settlement / consolidation of the fill soils at the abutment could be an issue. If
properly compacted fill soils are placed, settlement / consolidation is estimated to be on the
order of 1.0% of the fill height. Due to the potential for settlements, consideration should be
given to over-excavating the existing expansive clay soils and then backfilling adjacent to the
abutments with cement stabilized backfill (CSB) and/or flowable fill in order to minimize the
effects of differential movements at the bridges. As a minimum, the CSB and/or flowable fill
backfill should extend 2 feet beyond the abutments (at the base of over-excavation cut) and
then on slopes no steeper than 1H:1V to the bridge approach slab grades. The CSB should
be placed in general accordance with TxDOT Standard Sheet CSAB with CSB filling starting
at the base of the over-excavation cut.

It is imperative that all cracks and joints in the pavement be sealed and maintained by routine
sealing in order to minimize differential pavement deflections caused by soil swelling. It is also
imperative that positive drainage be provided along the pavement edges to prevent ponding.
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5.3 FOUNDATION SETTLEMENT

Post-construction vertical movements due to design loads are anticipated to be on the order
of one inch for drilled shafts installed using proper construction techniques. Differential
settlements should be limited to about one-half inch.

5.4 DRILLED SHAFT/PILE CONSTRUCTION RECOMMENDATIONS

Drilled shaft construction and installation should follow TxDOT Standard Specifications for
Construction and Maintenance of Highways, Roads and Bridges, November 2014 Edition,
Iltem 416 for Drilled Shaft. The ACI 336.1-89 Standard Specifications for End Bearing Drilled
Piers document should also be used. The TxDOT Specifications shall always supersede any
other specification. Presented below are specific recommendations of drilled shaft for this
project.

1. Drilled shaft excavations should be inspected for verticality (plumbness) and side
sloughing. Verticality is specified at one inch in ten feet of the shaft length, and should
be checked to the full depth of dry augering prior to introducing drilling mud where
possible.

2. Slurry should contain four to eight percent by weight of bentonite additive and should
satisfy the slurry specification set forth in TxDOT Standard Specification Item 416 Table
3 or ACI 336.1-89 Section 2.3.5.2.e. Note that the ACI requirements are more stringent
than TxDOT Standard Specification. Stricter slurry specifications are required to assure
suspension of detritus from drilling operations, and to assure adequate cleaning of the
slurry prior to concreting. Cleaning of the slurry is important to prevent deposition of
detritus on reinforcement cages and ensure that inclusions of detritus will not be formed
within the concrete mass.

3. Before placing concrete, the shaft bottoms should be cleaned out with a drilling bucket
in order to remove any sediments which may not be displaced by the concrete. The
shaft bottoms should be cleaned with a "clean-out" bucket until rotation on the bottom
without crowd (i.e. penetration under force) produces little spoil. Probing after clean-out
is essential to verify the condition of the base of the shaft.

4. Concrete should conform to the requirements of TxDOT Standard Specification Item
421, (Portland Cement Concrete), or ACI 336.1-89 Section 2.3.5.5.

5. Concrete placement should be accomplished as directed in TxDOT Standard
Specification Item 416.3. The tremie pipe diameter should be at least eight times as
large as the largest concrete aggregate size.

6. A computation of the final concrete volume for each shaft should be made. Shaft taking
an unreasonably high or low volume of concrete should be cored to check their integrity.

7. If casing is used, it should be extracted slowly and smoothly.
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8. The casing should always remain well below the level of the concrete during placement.
Our analyses assume no casing will be left in place. We should be informed if casing
would be left in place so we may provide revised shaft capacities.

9. Shaft excavations should not be made within a clear spacing of two and one half (2.5)
shaft diameters (edge to edge) of which have been concreted within the last 24 hours.

6.0 LIMITATIONS

The professional services, which have been performed, the findings obtained, and the
recommendations prepared were accomplished in accordance with currently accepted
geotechnical engineering principles and practices. The possibility always exists that the
subsurface conditions at the site may vary somewhat from those encountered in the
boreholes. The number and spacing of test borings were chosen in such a manner as to
decrease the possibility of undiscovered abnormalities, while considering the nature of
loading, size, and cost of the project. If there are any unusual conditions differing significantly
from those described herein, Alliance Geotechnical Group, Inc. should be notified to review
the effects on the performance of the recommended foundation system.

The recommendations given in this report were prepared exclusively for the use of the Texas
Transportation Solutions, TxDOT, and the contractor. The information supplied herein is
applicable only for the design of the previously described development to be constructed at
locations indicated at this site and should not be used for any other structures, locations, or
for any other purpose.

We will retain the samples acquired for this project for a period of 30 days after the submittal
date printed on the report. After this period, the samples will be discarded unless otherwise
notified by the owner in writing.
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